Abstract. Distinguishing non Hodgkin's lymphoma from benign lymphoid aggregates in bone marrow is well recognised to be difficult. Our objective was to evaluate nuclear morphology, and to perform morphometry on benign and neoplastic lymphoid infiltrates, to establish if objective criteria were of value in the diagnosis of neoplasia. By comparing neoplastic infiltrates in bone marrow with infiltrates in lymph nodes, the validity of grading non Hodgkin's lymphoma on the basis of bone marrow histology alone was assessed. 82 cases of B cell non Hodgkin's lymphoma (44 low grade and 38 high grade), known to have both lymph node and bone marrow involvement at the time of presentation, were compared with bone marrow trephines containing reactive lymphoid infiltrates.
Introduction
The distinction of non Hodgkin's lymphoma from benign lymphoid aggregates in bone marrow trephines is difficult and is traditionally based on features such as morphologically abnormal lymphoid cells, the presence of lymphoma at other sites, paratrabecular location of lymphoid aggregates within the bone marrow biopsy, and decreased reticulin at the sites of the lymphoid aggregates. Several studies have previously noted these changes [1] [2] [3] [4] [5] and it is generally held that the presence of neoplastic lymphoid infiltrates within the marrow in cases of high-grade nodal B cell non Hodgkin's lymphoma conveys a worse prognosis but this is not true for many low-grade B cell lymphomas in which bone marrow infiltration is part of the disease spectrum [1, [5] [6] [7] [8] [9] [10] . Our aim was to apply quantitative techniques to benign and neoplastic lymphoid infiltrates to establish (i) if objective parameters could be used as a diagnostic tool when assessing bone marrow trephines and (ii) to evaluate differences in nuclear morphometry and morphology between lymph node and bone marrow samples in B cell non Hodgkin's lymphoma.
Methods
We reviewed all cases of non Hodgkin's lymphoma, excluding chronic lymphocytic leukaemia (CLL), at King's College Hospital, London between the years 1980-1990. Cases of B cell lymphoma were selected for the study (before any treatment had been commenced) which were shown to have both lymph node and bone marrow involvement at presentation. The lymph node appearances were classified according to the modified Kiel classification [11] . Bone marrow involvement by lymphoma was judged using standard histopathological criteria [5] .
Reactive lymphoid aggregates within bone marrow were defined as cases in which incidental lymphoid infiltrates had been identified in bone marrow trephines in conditions other than non Hodgkin's lymphoma (Table 1) . There was no evidence of lymphoma in these cases, either at the time of diagnosis, or subsequently (duration of follow up 5-14 years).
All tissues used in the study were selected from routine archive surgical histology files and had been fixed in neutral formal saline and processed into paraffin wax. Bone marrow samples had been decalcified in EDTA for two days prior to embedding. Tissue sections 5 micron thick were cut and stained, as a batch, with haematoxylin and eosin (H&E) using a standardised protocol.
Nuclear morphological and morphometrical studies were performed under oil immersion at ×1250 final magnification using a Zeiss IIIRS microscope. Images were presented via an Ikegami CCD camera to a Colourmorph Interactive Image Analysis System (Perceptive Instruments Ltd., UK) on an Elonex 386S microcomputer (Elonex plc, UK) with attached NEC multisync monitor. Morphometric measurements were performed by interactive contouring of nuclear boundaries. Between 100 and 200 nuclei per section were measured, and the mean nuclear area (MNA), standard deviation of nuclear area (SDNA) and range of nuclear size for each sample calculated. The measurement protocols were standardised for each sample.
An assessment of the morphology of nuclear contours was made for each case, samples being graded as composed predominantly (approximately 80% or more of cells) of round nuclei, cleaved or crenated ("irregular") nuclei, or mixtures of round and "irregular" ("variable") shaped nuclei. Similarly, an assessment of chromatin pattern was made with samples being graded as composed of cells with finely distributed ("uniform") chromatin, coarsely clumped chromatin or a mixture of nuclei showing uniform and clumped patterns ("variable").
Lymph node measurements were performed on lymphoid cells within 2 mm of the capsule of the node in order to avoid inclusion of incompletely fixed tissue. Areas of necrosis were avoided and sampling was randomly initiated on areas which were representative of the lymphomatous infiltrate. Sequential fields were measured using a battlement technique. Bone marrow samples were measured by initiating sampling at the perceived edge of a lymphoid aggregate and then using a battlement technique to move to sequential fields.
Morphological assessment of the pattern of lymphoid infiltrates in bone marrow was performed at ×50 magnification. The relationship of the infiltrates to bony trabeculae was assessed and the percentage of marrow space occupied by the lymphoid infiltrate was estimated.
Controls: In order to assess the effects of EDTA on nuclear size, fresh lymph nodes from ten cases of B cell non Hodgkin's lymphoma were taken and each node was divided into two halves and fixed in neutral formal saline; one being processed into paraffin wax in the usual way; the other being processed through EDTA according to the schedule for the bone marrow trephines. Differences in mean nuclear area between these "paired tissues" were then measured to estimate the changes produced by EDTA.
To determine the accuracy of subjectively assessing the percentage of marrow space occupied by lymphoid cells, five bone marrow trephines containing lymphoid aggregates were reviewed by the observer who was asked to give an estimate of the percentage of marrow space occupied by the lymphoid cells, to the nearest 5%. The same trephines were later measured using interactive image analysis techniques and the results were compared with the estimate given by the observer.
Results
Tissue for histology was available in 535 cases of non Hodgkin's lymphoma (both nodal and extranodal but excluding CLL) at King's College Hospital between the years of 1980-1990. Of these cases 384 were of B cell lineage, 73 were T cell and 78 were unclassified (immunohistochemistry inconclusive or unavailable). Of the B cell lymphomas, 209 were low grade and 175 were high grade; 119 (58%) of the low grade lymphomas were considered to be bone marrow positive (with or without evidence of lymphoma elsewhere) on the basis of traditional morphological criteria, whereas only 56 (32%) of the high grade lymphomas were bone marrow positive.
82 cases of B cell lymphoma, 44 low grade and 38 high grade, were found to have both lymph node and bone marrow involvement at presentation. The histological subtypes of these cases are shown in Table 2 .
Controls: the mean nuclear areas of lymph node samples processed with or without EDTA are shown in Table 3 . These results show that tissues processed through EDTA exhibit some artefactual nuclear shrinkage and may, in some cases, be only 80% of the size of the corresponding nuclei in tissues not exposed to EDTA.
No differences were found between interactive measurements and observer estimates of the percentage of marrow space occupied by lymphoid aggregates. Table 4 shows the nuclear morphometric results for reactive and neoplastic lymphoid infiltrates in bone marrow. MNA values for reactive infiltrates and lymphomatous infiltrates in bone marrow show minor differences only. Figure 1 demonstrates the degree of discordance in MNA value between lymph nodes and bone marrow on a "case by case" basis. The mean nuclear areas for the bone marrow samples are smaller than in corresponding lymph nodes in most cases, only 16 of the low grade lymphomas and 6 of the high grade lymphomas showing similarity of MNA in both lymph node and bone marrow specimens. We define "similarity of MNA" in these instances as cases where the MNA for bone marrow cells falls within 20% of the lymph node sample MNA as defined by the control studies.
Morphological assessment of nuclear contour and nuclear chromatin patterns in bone marrow is shown in Table 5 which suggests that these parameters on their own cannot be used reliably to distinguish between reactive infiltrates, low or high grade lymphomas. The morphological patterns of lymphoid infiltration for reactive and neoplastic lymphoid infiltrates are shown in Table 6 . There were no differences between the patterns of infiltration seen in low and high grade lymphomas and some overlap was found between reactive and neoplastic lymphoid infiltrates, although the latter were more often and more consistently paratrabecular, and usually occupied a greater proportion of the marrow space. The cases in black reflect differences which might be explainable on the basis of sampling differences alone (see control studies - Table 3 ). 
Discussion
The relatively high percentage of low grade B cell lymphoid infiltrates involving bone marrow, in contrast to high grade infiltrates, is in keeping with the findings of other studies [1, 2, 15] although the range quoted from study to study is quite wide. MNA values for reactive infiltrates and lymphomatous infiltrates in bone marrow show minor differences which are only discernable using morphometric techniques. These differences are so small that we feel it would be unsafe to use MNA alone as a diagnostic test in many cases, although it may well provide valuable information, lending support to a presumed diagnosis of neoplasia. Similarly, in paraffin embedded tissues, there is considerable overlap of nuclear morphological features between presumed reactive and neoplastic lymphoid infiltrates, making differentiation on these grounds alone unsafe.
As in other studies [8, [12] [13] [14] [15] [16] , we have noted a high degree of discordance between the infiltrates in lymph node and bone marrow (Fig. 1) , the lymphoid cells in bone marrow samples often being smaller than the neoplastic cell populations in the lymph nodes. Our control studies suggest that this difference is not due to artefactual shrinkage of cells during processing of bone marrow samples. It seems more likely that different populations of cells are present at the two sites, perhaps reflecting an effect of the microenvironment. The frequency with which papers report discordance [8, [12] [13] [14] [15] [16] supports this idea. On balance the overall poorer prognosis conveyed by bone marrow involvement in B cell non Hodgkin's lymphoma [1, 2, [6] [7] [8] [9] [10] suggests that the discordant bone marrow lesions are neoplastic infiltrates of low grade, perhaps acting as a reservoir for late relapse following chemotherapy. Some studies have however noted no significant difference in prognosis between cases showing lymph node involvement alone and cases showing lymph node involvement with additional discordant bone marrow infiltrates [8, 17] . It may be that in some cases, the reported bone marrow infiltrates represent reactive lymphoproliferations accompanying the underlying nodal lymphoma. Immunohistochemistry [18, 19] , together with the diagnostic features discussed in this study should, however, lend strong support as to whether or not a lymphoid infiltrate in the marrow is truly neoplastic. Significant populations of blast cells were infrequently encountered in bone marrow infiltrates in cases of high grade B cell nodal lymphoma; the lymphoid cells in these cases, being mostly of similar nuclear size, shape and chromatin pattern to the infiltrates seen in low grade lymphomas. From this it might be assumed that it is unwise for pathologists to attempt to predict the histological subtype of any nodal lymphoma on the basis of paraffin embedded trephine material, where lymph node histology is unavailable.
In summary, our results show that in paraffin embedded bone marrow trephines nuclear morphology, nuclear area and the nuclear contour index cannot be used, in most cases, to distinguish reactive from neoplastic lymphoid infiltrates or to classify the subtype of B cell non Hodgkin's lymphoma. In individual cases, however, mean nuclear area can be used to support a diagnosis of a neoplastic infiltrate if it can be shown that the nuclei are larger than would be expected in reactive infiltrates. Such differences are subtle and often not subjectively appreciable. Paratrabecular location of lymphoid aggregates remains one of the best indicators of low-grade lymphoid neoplasia in bone marrow trephines [20] .
